Surface plasmons are collective oscillations of free electrons at the surfaces of metal nanoparticles and nanostructures, and leads to a generation of enhanced local electric fields within a nano-space around them by resonating with the light field. This phenomenon, called localized surface plasmon resonance (LSPR), is promising for the application to various optical sensing and devices, such as surface-enhanced Raman scattering (SERS), surface-enhanced infrared spectroscopy (SEIRA), metal-enhanced fluorescence (MEF), and photocurrent enhancement of adjacent photofunctional molecules.
Introduction
Surface plasmons are collective oscillations of free electrons at the surfaces of metal nanoparticles and nanostructures, and leads to a generation of enhanced local electric fields within a nano-space around them by resonating with the light field. This phenomenon, called localized surface plasmon resonance (LSPR), is promising for the application to various optical sensing and devices, such as surface-enhanced Raman scattering (SERS), surface-enhanced infrared spectroscopy (SEIRA), metal-enhanced fluorescence (MEF), and photocurrent enhancement of adjacent photofunctional molecules.
The plasmon frequency of metal nanoparticles mainly depends on the shapes as well as class of the materials and the refractive index of the immediate medium.
On the other hand, the self-assembly of the metal nanoparticles into ordered arrays is very promising for the fabrication of highly-functional novel nanomaterials with applications in optical sensing. 1, 2 Core/shell-type nanoparticles (nanoshells) compased of dielecrics (core) and metal (shell) show characteristic plasmon bands at the visible to the near-infrared (NIR) wavelength region. 3 Therefore, ordered arrays composed of the nanoshells are promising for the fabrication of optical sensing that can respond to NIR light.
In this study, we report the scheme of a facile fabrication of two-dimensional arrays composed of gold and silver nanoshells having a silica-core using a simple bottom-up approach.
Experimental Section
The fabrication scheme of two-dimensional arrays of the nanoshells is shown in Fig. 1 . The silica nanoparticles modified with amine groups were prepared using a modified version of previously reported procedures. 4 Then, the gold seeds protected with tetrakis(hydroxymethyl)phosphonium chloride were deposited onto the surface of silica nanoparticles. The resultant colloidal solution was added to potassium-containing basic solution of gold (or silver) salt, to give gold or silver nanoshells. To stabilize the nanoshells, the aqueous solution of polyvinylpyrrolidone (PVP) was added to the colloidal solution of the nanoshells. To control the thickness of the PVP shell, the concentration of the added PVP was changed from 0.01 to 10 wt.%. The glass plate was then treated in an NH 3 (28%)/H 2 O 2 (30%) (1/1 v/v) mixed solution at 100 °C, followed by washing with enough water. The colloidal ethanol solution (300 μL) of nanoshells was drop-casted onto the surface of glass plate tilted about 5°. 
Results and discussion
TEM images of the obtained gold and silver nanoshells are shown in Fig. 2(a) and Fig. 2(b) . In the case of gold nanoshells ( Fig. 2(a) ), the gold shells, having a homogeneous thickness, were modified onto the surface of silica nanoparticles.
In contrast, the silver shells ( Fig. 2(b) ), having slightly-roughened surface, were modified onto the silica nanoparticles.
Next, the absorption spectra of the colloidal aqueous solution of gold and silver nanoshells were shown in Fig.  2(c) . Both absorption bands were still substantially extended to the NIR region. These are ascribed to characteristic plasmon bands of dielectric-core/metal-shell nanopartciles.
The colloidal ethanol solutions (300 μL) of the gold and silver nanoshells protected with PVP were drop-casted on the surface of the glass slides and dried in air, resulting in the formation of thin films of the nanoshell. SEM images of the films composed of gold and silver nanoshells are shown in Fig. 3 and Fig. 4, respectively.   -3 2 2 -E x t e n d e d A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 3 2 2 -3 ) and silver ( ) nanoshells.
From the colloidal solutions of the gold and silver nanoshells that were treated with 10 wt.% PVP solutions, we succeeded in depositing a highly regular two-dimensional array of nanoshell particles. From absorption spectra of the nanoshell thin films (Fig.5) , the highly regular two-dimensional arrays showed appreciable plasmon bands at the NIR region. 
Conclusion
We have fabricated two-dimensional arrays of gold and silver nanoshells by simple casting method. We will present the detailed optical properties of the two-dimensional arrays of these nanoshells at the presentation.
